This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] Asking questions is the predominant method of gathering information about people's beliefs, values, attitudes, behaviors and states of affairs (e.g. Schuman & Presser, 1981; Foddy, 1993) .
To ensure that the data obtained through surveys are reliable and lead to valid conclusions, respondents must comprehend the questions as intended by the survey designer and find it easy to answer them accurately. More specifically, they must understand the item, retrieve relevant information, use this information to make a judgment, and select and report an answer (Strack & Martin, 1987; Tourangeau, 1984) . Depending on various characteristics of the questionnaire, respondents may find it more or less difficult to perform these steps accurately. For example, question comprehension is impeded by questions containing imprecise terms or complex syntactic structures which make it difficult to identify the question focus or represent the logical form of the question (cf. Tourangeau, Rips, & Rasinski, 2000) . A suboptimal wording of survey questions can thus increase respondent burden by requiring more cognitive effort for understanding what the questions are about. If respondents have trouble understanding questions, they are likely to provide inaccurate answers (Schober & Conrad, 1997) and/or apply response strategies that reduce data quality and induce measurement error (e.g. satisficing, Krosnick, 1991; breakoff, Galesic, 2006) .
Moreover, given that question comprehension is the first step respondents have to perform, it is very likely that cognitive overload occurring at this stage will translate to later stages as well. Consequently, designing questions to minimize the cognitive effort required to process them is an important strategy for reducing comprehension difficulties and thus response error.
Applying a psycholinguistic perspective to survey question design, Lenzner, Kaczmirek and Lenzner (2010) identified seven text features that undermine reading comprehension and thus increase the cognitive burden imposed by survey questions: lowfrequency words, vague or imprecise relative terms, vague or ambiguous noun-phrases, complex syntax, complex logical structures, low syntactic redundancy, and bridging This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] inferences. Using response time as a measure of the cognitive effort required to answer survey questions, they found that six of these seven problematic text features were associated with longer response times in a Web survey, presumably because they induced comprehension difficulties. Moreover, the text features were found to reduce data quality by producing more non-substantial answers (i.e. respondents gave more neutral responses to questions offering a middle category if the questions contained one text feature). While the effects of some of these text features on response bias (e.g. response variability) have received considerable attention by survey researchers (e.g. vague or ambiguous noun-phrases, Fowler, 1992; Smith, 1987) , hitherto, their effects on survey question comprehensibility and respondent burden have scarcely been discussed in the literature on questionnaire design and have rarely been investigated experimentally (for exceptions see Graesser, Cai, Louwerse, & Daniel, 2006; Saris & Gallhofer, 2007; Tourangeau et al., 2000) .
In this study, we extend the earlier findings by Lenzner et al. (2010) in two ways.
First, we use eye tracking as a more direct method to examine whether comprehension is indeed impeded by these text features. While response time is a valuable indicator of the overall cognitive effort required to answer a survey question, it does not enable us to distinguish between the time required to read and understand a question (comprehension stage) and the time it takes to provide an answer (including retrieval, judgment, and response selection). By contrast, recording respondents' eye movements while answering a Web survey allows us to identify the specific parts of the question they struggle with during the comprehension stage. Of course, this does not imply that respondents always perform these cognitive tasks in a sequential order. Sometimes respondents may start to retrieve relevant information while reading and comprehending the question, for example. Nevertheless, given that eye tracking allows us to examine respondents' fixation times and counts on specific parts of the question, this technique enables us to identify comprehension difficulties with This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] much greater precision than does the collection of response times. Second, we examine whether these text features have different effects for different types of questions. While the earlier findings were almost exclusively limited to attitudinal questions, we include several behavioral and factual questions in this study.
DETERMINANTS OF QUESTION COMPREHENSIBILITY
Theoretical and empirical evidence from psycholinguistics suggests that survey designers can enhance the comprehensibility of their questions by paying attention to the seven problematic text features mentioned above (e.g. Duffy, Morris, & Rayner, 1988; Haviland & Clark, 1974; Horning, 1979; Inhoff & Rayner, 1986; Kimball, 1973; Kintsch & Keenan, 1973; Mosier, 1941) . In general, these text features undermine reading comprehension by placing high demands on people's limited working memory capacity (cf. capacity theory of comprehension, Just & Carpenter, 1992) . A first attempt to systematically link these text features to survey question comprehension has been made by Graesser et al. (2006) who developed the computer tool Question Understanding Aid (QUAID; University of Memphis, 2010). QUAID evaluates survey questions with regard to the first five text features listed above, and labels those questions as problematic that include one or more of these features.
Arguing for an extension of QUAID's five components, Lenzner et al. (2010) proposed that two further problematic text features may undermine question comprehension processes to a similar degree, namely low syntactic redundancy and bridging inferences. In the remainder of this section we will briefly discuss these seven text features to provide the theoretical basis of our study. A more detailed account of these text features can be found in Lenzner et al. (2010) . This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] Low-frequency words. Word frequency is a well-known indicator of text comprehensibility:
people are slower at accessing the meaning of low-frequency words and must work harder to comprehend sentences in which they occur, compared to higher-frequency words. This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] Bridging inferences. Drawing bridging inferences is a time-consuming process that is required if the actual survey question is preceded by an introductory sentence and information from both sources needs to be connected.
METHOD

Design and Hypotheses
We conducted an eye-tracking experiment to examine the effects of these problematic text features on survey question comprehension during Web survey completion. If the text features do indeed undermine the survey response process at the comprehension stage, then this should show up in the eye-tracking record in the form of longer fixations and larger numbers of fixations. Our reasoning is based on two common assumptions about eye movements. The first assumption is that the eye remains fixated on a word as long as it is being processed (eyemind assumption, Just & Carpenter, 1980) . Thus, there is a direct link between the time spent fixating on a word and its comprehensibility: difficult words require longer fixations. Second, when larger regions of text such as phrases, clauses, or sentences are difficult to understand, readers are likely to re-fixate earlier words in order to re-read unclear parts of the text, resulting in more fixations on the text (selective reanalysis hypothesis, Frazier & Rayner, 1982) . Adopting these two assumptions, we examined whether people fixate longer on questions that include a text feature and require more fixations to process the questions.
Respondents were randomly assigned to one of two versions of a Web survey: One difficulties, we hypothesized that respondents would fixate longer on the specific text feature words/phrases, require more fixations to process the question stems, and fixate longer on the question stems in the text feature condition compared to the control condition (Hypothesis 1).
Whereas previous research has focused only on attitudinal questions, we expected to identify these effects for factual and behavioral questions as well, and thus independent of question type (Hypothesis 2).
Participants
The study was conducted in June and July 2009 at the Max Planck Institute for Human Development in Berlin, Germany. 49 participants were recruited from the respondent pool maintained by the institute. Technical difficulties made it impossible to accurately record the eye movements of one respondent wearing very thick glasses and another respondent dropped out from the study because of illness. In addition, the recordings of three respondents were of unsatisfactory quality displaying a systematic shift to the line below the one that was fixated.
These three recordings were excluded from the analyses, leaving 44 respondents (22 in each condition) in the experiment. Sixty-one percent (27) of the participants were female and all were between 19 and 34 years of age with a mean age of 26 (SD = 3.7). All participants had at least 12 years of schooling and 68 percent (30) were currently enrolled as university students.
The native language of all participants was German (the language in which the questionnaires were designed).
Apparatus
Participants' eye movements were recorded by a Tobii T120 Eye Tracker and analyzed with the Tobii Studio 2.0.3 software. In the T120 system the eye-tracking cameras are integrated into a 17" TFT monitor allowing for unobtrusive recording of respondents' eye movements.
The documentation of the T120 describes its accuracy to be within 0.5° with less than 0.3° This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] drift over time and less than 1° due to head motion. It allows for head movement within a 30 x 22 x 30 cm volume centered up to 70 cm from the camera. The sampling rate is 120 Hz, meaning that 120 gaze data points per second are collected for each eye. The accuracy of the T120 was found to be generally sufficient to determine on which words respondents fixate.
However, to make sure that all fixations were unequivocally allocated to the words respondents had actually read, we used a larger font size of 18 pixels and double-spaced text with a line height of 50 pixels. Screen resolution was set to 1280 by 1024. In our analyses, we included all fixations that lasted at least 100 milliseconds and encompassed 20 pixels (about four characters of text) in the Web surveys (see Galesic, Tourangeau, Couper, & Conrad, 2008 , for similar methodology).
Questions
The The randomized experiment was part of a larger study with several unrelated experiments.
The whole study took about two hours of which one hour was devoted to eye tracking.
Respondents in this experiment completed the Web survey in about 10 minutes during the first hour of the study. As calibration could decrease in accuracy over time, respondents were recalibrated every 10 to 15 minutes. This was done by a technical assistant who was present in the same room as the respondent during data collection and ensured adherence to the procedure. The technical assistant was seated at a table next to the respondent and was monitoring his or her eye movements on a separate computer monitor. Respondents were seated in front of the eye tracker so that their eyes were approximately 60 cm from the screen.
They were instructed to read at a normal pace while trying to understand the questions as well as they could. After participants had successfully completed a standardized calibration procedure, they were presented with the welcome page of the Web survey.
Only one question at a time was displayed on the screen. First, participants answered three questions of different length which were identical in both conditions. These were used to compute the individual reading rate and the fixation rate for every respondent, which were later used as covariates in the analyses to control for interindividual differences. Second, they received the 28 text feature questions or control questions in a random sequence to control for context effects and effects of the position of the questions in the questionnaire. Finally, they answered a series of background questions on sex, age, education, and their native language.
After they had completed the survey, the technical assistant recalibrated the eye tracker and carrying out the remaining tasks of the response process (information retrieval, judgment, formatting, and editing), respondents are more likely to fixate on the answer options. Given that longer fixation times on the answer options can either reflect difficulties in performing these tasks or an optimizing response style, we excluded all fixations on the answers from our analyses.
Ideally, it would have been the case that the specific text feature words or phrases as well as the questions consisted of the same number of characters and the same number of words, respectively. However, in our experiment this was not possible without constructing very artificial questions that respondents would not normally encounter in the real world. This is the post-print version of the article published in International Journal of Public Opinion Research, 23, 361-373.
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Following the recommendations of Ferreira and Clifton (1986) , we corrected for differences of word/phrase length and question length between the two question versions by dividing all three eye-tracking parameters by the number of characters in the words/phrases and questions (including character spaces and punctuation marks). Hence, word/phrase fixation times, question fixation counts, and question fixation times per character are reported in our results.
Text Features
The effect for each text feature was analyzed in separate general linear models with repeated measures on the four questions per text feature and reading rate or fixation rate as a covariate, respectively. Reading rate and fixation rate were computed from respondents' fixations on three introductory questions. Reading rate refers to the average question fixation time for these three questions; fixation rate refers to the average question fixation count for the three questions. We controlled for reading rate and fixation rate because both account for most of the differences between respondents' fixation times and numbers of fixations. The correlation between reading rate and the total fixation time for all 28 questions was r = .80. The correlation between fixation rate and total number of fixations for all 28 questions was r = .72. Reading rate was used as a covariate in analyses of word/phrase fixation times and question fixation times; fixation rate was used as a covariate in analyses of question fixation counts.
Supporting our Hypothesis 1, six out of seven text features were found to undermine survey question comprehension as indicated by the three eye-tracking measures (see table 1 ).
First, word/phrase fixation times were longer in the text feature condition than in the control condition, indicating that these words were difficult for respondents to comprehend. .24], and low syntactic redundancy [F(1, 41) = 4.94, p = .032, partial η 2 = .11]. No significant effects were found for bridging inferences [F(1, 41) = 0.00, p = .956, partial η 2 = .00].
------- Table 1 ----------This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] Question Types
After having analyzed the effects for each text feature we examined whether these effects were different for different question types. Each of the seven text features was operationalized with two attitudinal, one factual, and one behavioral question. For two questions, the distinction of question type was a little bit fuzzy. As a result of the text feature manipulation, the hypothetical questions Q17 and Q19 were attitudinal questions in the control condition but could have been conceived as either behavioral or attitudinal questions in the text feature condition. We treated Q17 as an attitudinal question and Q19 as a behavioral question.
However, we also analyzed these two questions as if they were other question types but all of our conclusions remained unchanged.
For all three question types we observed similar patterns (see table 2 ). First, respondents had longer word/phrase fixation times when answering text feature questions compared to control questions. In analyses of variance with repeated measures on the individual questions per question type and reading rate as a covariate, the between-subjects effects were significant for attitudinal [F(1, 41) = 24.01, p = .0001, partial η 2 = .37], factual [F(1, 41) = 10.83, p = .002, partial η 2 = .21], and behavioral questions [F(1, 41) = 17.57, p = .0001, partial η 2 = .30]. Second, the question fixation count was significantly higher for the three question types when respondents answered text feature questions [attitudinal: F(1, 41) = 9.14, p = .004, partial η 2 = .18; factual: F(1, 41) = 9.20, p = .004, partial η 2 = .18; behavioral:
F(1, 41) = 21.98, p = .0001, partial η 2 = .35]. And finally, question fixation times were significantly longer in the text feature condition for all three question types [attitudinal: F(1, 41) = 9.54, p = .004, partial η 2 = .19; factual: F(1, 41) = 10.56, p = .002, partial η 2 = .21;
behavioral: F(1, 41) = 26.92, p = .0001, partial η 2 = .40]. This is the post-print version of the article published in International Journal of Public Opinion Research, 23, 361-373.
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DISCUSSION AND CONCLUSION
Extending earlier research by Graesser et al. (2006) and Lenzner et al. (2010) , this study examined whether survey question comprehension is impeded by seven psycholinguistic text features and whether these text features have different effects for different question types (attitudinal, factual, and behavioral questions). Using eye-tracking methodology, we examined word/phrase fixation times, question fixation counts, and question fixation times while respondents answered two versions of similar questions (text feature version vs.
control) in a Web survey.
We found strong evidence that at least six of these text features reduce question comprehensibility and undermine the survey response process at the comprehension stage.
Respondents had longer fixation times and needed more fixations in the text feature questions than in the control questions, indicating that processing of these questions required additional cognitive effort. Significant effects were found for low-frequency words, vague or imprecise relative terms, vague or ambiguous noun-phrases, complex syntax, complex logical structures, and low syntactic redundancy. Only bridging inferences were not found to have a detrimental effect on question comprehensibility. In general, bridging inferences are drawn in order to establish coherence between implicit information from an introductory sentence and explicit information from the actual question. The purpose of the introductory sentences is usually to provide a context for the questions, however, understanding (or even reading) these sentences is not a prerequisite for answering the questions (i.e. introductory sentences do not necessarily determine the question focus). Hence, establishing coherence between introductory sentence and actual question is mostly optional rather than mandatory. Our results indicate that This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] bridging inferences may only undermine question comprehension if the introductory sentence contains implicit information which is crucial for understanding and answering the question.
We also found support for our second hypothesis that those text features that negatively affect question comprehension do so independent of question type. Similar effects were found for attitudinal, factual, and behavioral questions, namely that respondents required longer fixation times and more fixations when these questions contained a text feature. Hence, the text feature effects can be generalized to all three types of questions.
There are two limitations to this study. First, our experiment does not examine whether these text features reduce the quality of responses. While we know that answering questions including the text features requires more time, it is still unclear whether this additional cognitive effort leads to an increase in measurement error. Earlier studies found some negative effects of the text features on response quality (e.g. that they produce more midpoint responses; Lenzner et al., 2010) , however, further research is needed to systematically assess their influence on data quality. Second, our sample overrepresents higher educated individuals and therefore is by no means representative of the general population. However, assuming that our participants were comparatively good readers, the text feature effects may even be larger among poorer readers. Hence, we would argue that we can very likely generalize our findings to the broader population.
With regard to the practical implications of using eye-tracking methodology for evaluating survey questions, it is important to note that the interpretation of fixation times and counts is by no means definite. Long fixation times and high numbers of fixations are not problematic per se, but may also indicate an increasing interest in the question or a more conscientious response style. For example, optimizing respondents may require considerable time to select the "optimal" response among the answer options offered. While retrieving relevant information, making a judgment, and formatting and editing the answer, these This is the post-print version of the article published in there is no reason why respondents should fixate on this region after having retrieved its meaning (unless something remains unclear). In sum, eye-tracking methodology currently allows us to detect problems occurring at the comprehension stage of the response process only.
One conclusion that we can derive from our results is that the text feature low syntactic redundancy should be included into QUAID, given that it was found to reduce question comprehensibility. An extension of QUAID's five components would increase the validity of this tool in identifying questions that are difficult for respondents to comprehend.
Second, we advise survey designers to avoid these text features when designing survey questions. Given that previous work on questionnaire design mostly neglected the importance of psycholinguistic text features for question comprehensibility, it may be fruitful to develop manuals that describe these text features in detail. These manuals may supplement the existing guidelines on survey question design, lend further precision to these rules, and help practitioners to improve the comprehensibility of their questions. This is the post-print version of the article published in International Journal of Public Opinion Research, 23, 361-373.
17 Note: Fixation times are reported in milliseconds. To control for differences of word/phrase or question length between the two question versions, we divided all three eye-tracking parameters by the number of characters in the question. Hence, word/phrase fixation times, question fixation counts, and question fixation times per character are reported here. Question fixation counts and question fixation times only refer to fixations on the question text, excluding fixations on answer options. This is the post-print version of the article published in International Journal of Public Opinion Research, 23, [361] [362] [363] [364] [365] [366] [367] [368] [369] [370] [371] [372] [373] Note: Fixation times are reported in milliseconds. To control for differences of word/phrase or question length between the two question versions, we divided all three eye-tracking parameters by the number of characters in the question. Hence, word/phrase fixation times, question fixation counts, and question fixation times per character are reported here. Question fixation counts and question fixation times only refer to fixations on the question text, excluding fixations on answer options.
